Background: LncRNA PMS2L2 plays critical protective roles in chondrocytes during lipopolysaccharide-induced inflammation. Our preliminary deep sequencing revealed the altered expression of PMS2L2 in endometrial adenocarcinoma (EA) during chemotherapy. This observation triggered our interest to explore the functions of PMS2L2 in EA. Methods: Levels of PMS2L2 in plasma were measured by qPCR. ROC curve analysis was used for diagnostic analysis. Cell viability was analyzed by cell viability assay. Results: We showed that plasma PMS2L2 was downregulated in EA patients compared with healthy controls, and downregulation of PMS2L2 distinguished early-stage EA patients from healthy controls. During carboplatin-based chemotherapy, plasma levels of PMS2L2 were significantly downregulated in endometrial cancer patients. Overexpression of PMS2L2 led to decreased viability of EA cells, while PMS2L2 siRNA silencing led to increased viability of EA cells. Conclusion: LncRNA PMS2L2 in endometrial cancer was downregulated during carboplatin treatment and regulates chemosensitivity.
Introduction
The development of chemotherapy has significantly improved the survival of cancer patients, especially for those who were diagnosed at advanced stages. 1 Endometrial adenocarcinoma (EA) is the most common type of endometrial cancer, which is the major type of common gynaecological cancer in developed countries. 2 EA is characterized by its extreme aggressive nature and low early diagnosis rate. 3 A considerable portion of EA patients are initially diagnosed with the existence of tumor invasion, which are not candidates for radical tumor resection. 4 Although chemotherapy is helpful for EA patients, chemo-resistance will inevitably develop, leading to poor treatment outcomes. 5 It has been reported that chemotherapy modulates the expression of endogenous genes in the body of cancer patients, and the altered expression of certain genes may induce the sensitivity of cancer cells to chemical drugs. 6, 7 Recent studies also showed that long non-coding RNAs (lncRNAs, longer than 200 nt) were critical regulators of cancer cell behaviors 8 and also participate in the development of chemo-resistance during chemotherapy. 9 Therefore, regulation of lncRNA expression may assist the use of chemical drugs in cancer treatment. PMS1 Homolog 2, Mismatch Repair System Component Pseudogene 2 (PMS2L2) is a novel lncRNA that has protective effects on chondrocytes during lipopolysaccharide-induced inflammation. 10 In this process, PMS2L2 regulates miR-203/MCL-1 axis to increase the viability of chondrocytes. Interestingly, our preliminary deep sequencing data suggested the altered expression of PMS2L2 in plasma of EA patients at 1 and 3 months after carboplatin-based chemotherapy comparing to pre-treatment level. The present study was therefore carried out to study the role of PMS2L2 in EA. 
Patients And Methods Subjects

Cells And Plasma
All in vitro cell experiments were used in Human EA cell lines MFE-296 (Sigma-Aldrich, USA) and TOV-112D (ATCC, USA). Cells of these two cell lines were cultivated with MEM (2mM Glutamine, 10% FBS). Cell culture conditions were 37°C and 5% CO 2 .
Fasting blood (5 mL) was extracted from healthy controls during their systemic physiological examinations. The same amount of fasting blood was also extracted from EA patients before and at 3 and 6 months after carboplatin-based chemotherapy (doses vary according to disease conditions). Blood samples were transferred to EDTA tubes and centrifuged at room temperature for 15 mins at 1200 g to prepare plasma.
Transient Cell Transfection
Full-length PMS2L2 cDNA was inserted into pcDNA3.1 to establish PMS2L2 expression vectors. This vector construction service was provided by Sangon (Shanghai China). PMS2L2 siRNA (5ʹ-TCGAGTCCCTACCTTCGCCG-3ʹ) and negative control siRNA (5ʹ-UUGGUAUCUGGACUGG UACU-3ʹ) were also designed by Sangon (Shanghai China). MFE-296 and TOV-112D cells were cultivated overnight to 70-80% confluence, followed by transient cell transfections performed using lipofectamine 2000 reagent (Invitrogen, USA) with 40 nM siRNA and 10 nM vector. To confirm the successful transfections, un-transfected cells (control) and cells transfected with negative control siRNA or empty vector were included to serve as two controls. Following experiments were carried out at 24hrs after transfections.
RT-qPCR
Ribozol reagent (Thermo Fisher Scientific., Inc.) was used to extract total RNAs from MFE-296 and TOV-112D cells as well as plasma samples. cDNA samples were prepared using AMV Reverse Transcriptase (Promega Corporation, USA) with RNA samples as template. With cDNA as template, SYBR Green Master Mix (Bio-Rad, USA) was used to prepare qPCR reaction systems to analyze the expression of PMS2L2 with 18S rRNA as an endogenous control. Primer sequences were 5ʹ-AGTCTAAGCACTGCGGTGAA-3ʹ (forward) and 5ʹ-GGTAGAAATGGTGACATCAT-3ʹ (reverse) for PMS2L2; 5ʹ-CTACCACATCCAAGGAAGCA-3ʹ (forward) and 5ʹ-TTTTTCGTCACTACCTCCCCG-3ʹ (reverse) for human 18S rRNA. This experiment was performed in triplicate manner All data were processed using 2 −ΔΔCT method.
MTT Assay
MFE-296 and TOV-112D cells were harvested at 24hrs after transfections. Cell suspensions were prepared using the cell culture medium mentioned above. Cell density was adjusted to 3×10 4 cells/mL. Cells were transferred to a 96-well plate with 0.1 mL cell suspension per well. Then, carboplatin was added to varied concentrations (0, 100 and 300 µM). Three replicate wells were set for each concentration. Cells were cultivated for 24hrs. MTT solution (10μL) was then added into each well. After cell culture for additional 4hrs, OD values at 570 nm were measured to reflect cell viability.
Statistical Analysis
All experiments in this study were performed in triplicate manner. Differences between patient and control groups were analyzed by unpaired t test. 
Carboplatin Treatment Downregulated PMS2L2 In EA Patients And Cell Lines
Expression levels of plasma PMS2L2 in EA patients at 3 time points (before, and at 3 and 6 months after carboplatinbased chemotherapy) were measured by performing RTqPCR. Expression data were analyzed by repeated-measures ANOVA. It was observed that levels of plasma PMS2L2 decreased with prolonged treatment ( Figure 3A , p<0.05). MFE-296 and TOV-112D cells were treated with carboplatin (0, 100 and 300 µM) for 24hrs, followed by the detection of PMS2L2 expression by RT-qPCR. Expression data were analyzed by one-way ANOVA and Tukey's test. It was observed that 100 and 300 µM carboplatin significantly downregulated PMS2L2 in MFE-296 and TOV-112D cells ( Figure 3B , p<0.05) Figure 1 Plasma PMS2L2 was downregulated in EA patients comparing to healthy controls. Notes: Levels of PMS2L2 in plasma derived from patients (n=48) and healthy controls (n=46) were detected by performing RT-qPCR, and expression data were analyzed by unpaired t test. It was observed that plasma PMS2L2 was downregulated in EA patients compared to healthy controls. *p<0.05. The potential application values of plasma PMS2L2 in the diagnosis of EA were analyzed by ROC curve analysis. In this analysis, EA patients at stages I and II (n=23) were true positive cases and healthy females (n=48) were true negative cases. All other parameters were defaults. ROC curve analysis showed that downregulation of PMS2L2 distinguished early-stage EA patients from healthy controls.
PMS2L2 Reduced The Viability Of EA Cells Under 300 µM Carboplatin Treatment
PMS2L2 expression vectors and siRNAs were transfected into MFE-296 and TOV-112D cells. Compared to control (C) and negative control (NC) cells, PMS2L2 expression was significantly altered at 24hrs after transfection ( Figure 4A , p<0.05), indicating the successful transfections. After transfection, MFE-296 and TOV-112D cells were treated with carboplatin (0 and 300 µM) for 24hrs, followed by the detection of cell viability by MTT assay. Compared to 0 µM carboplatin, 300 µM carboplatin significantly decreased the viability of both MFE-296 and TOV-112D cells ( Figure 4B , p<0.05). In addition, overexpression of PMS2L2 led to decreased viability of EA cells, while PMS2L2 siRNA silencing led to increased viability of EA cells only at 300 µM carboplatin ( Figure 4B , p<0.05).
Discussion
Our study mainly investigated the involvement of PMS2L2 in EA. We showed that plasma circulating PMS2L2 may assist in the early diagnosis of EA. We also provided evidence that overexpression of PMS2L2 may assist the application of carboplatin-based chemotherapy in the treatment of EA. Although lncRNAs are usually expressed in specific types of cells, 11, 12 they may be released from the site of synthesis into the blood circulation system to achieve systemic trafficking. 13 In effect, the development and progression of cancers are usually accompanied by changes in levels of circulating lncRNAs, and the altered levels of circulating lncRNAs may provide diagnostic and prognostic values for cancers. We detected PMS2L2 in all EA patients and healthy controls. However, the site of the synthesis of PMS2L2 is unknown due to the lack of tissue specimen experiments in this study. Treatment of endometrial cancer is still challenged by the low rate of early diagnosis. 14, 15 Therefore, identification of novel biomarkers is always critical to improve the early diagnosis. In the present study, we showed that altered plasma levels of PMS2L2 distinguished early-stage EA patients from healthy controls, indicating that PMS2L2 may serve as a potential diagnostic biomarker for EA. Carboplatin has been widely used as a chemical drug to treat different types of cancer, including EA. 16, 17 However, development of chemo-resistance is always observed after long-term application. It has been reported that carboplatin may interact with certain lncRNAs to affect cancer cell survival. 18 We showed that treatment with carboplatin induced the downregulation of PMS2L2 in both EA patients and cells of two EA cell lines. In addition, PMS2L2 negatively regulated the survival of EA cells under carboplatin treatment. Therefore, downregulation of PMS2L2 is likely related to the development of chemo-resistance in EA patients during carboplatin-based chemotherapy. However, the mechanism is still unknown. Our study will focus on the potential interactions between PMS2L2 and the downstream effector of carboplatin.
In conclusion, PMS2L2 is downregulated in EA and has early diagnostic values. PMS2L2 overexpression may improve the outcomes of carboplatin-based therapy by reducing cell viability.
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